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Abstract 

When particle speeds are large the motion of a collisionless plasma is 
modeled by the relativistic Vlasov Maxwell system. Large time behavior 
of solutions which depend on one position variable and two momentum 
variables is considered. In the case of a single species of charge it is 

shown that there are solutions for which the charge density (p = J fdv) 

does not decay in time. This is in marked contrast to results for the 
non-relativistic Vlasov Poisson system in one space dimension. The 
case when two oppositely charged species are present and the net total 
charge is zero is also considered. In this case it is shown that the support 
in the first component of momentum can grow at most as . 

1 Introduction 

Consider the relativistic Vlasov-Maxwell system: 

*AMS Subject classification: 35L60, 35Q99, 82C21, 82C22, 82D10 
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d t f a + v?d x f a + e a (E 1 + v2B)d vl f a 
+ e a (E 2 -v?B)d v J a = 

p(t,x) = J ^e a f a (t,x,v)dv 



E 1 (t,x) 



a ^ ' 

- J p(t,y)dy-- J p(t,y)dy 



d t E 2 + d x B = -j 2 
d t B + d x E 2 = 

x 

, N. Here, t > is time, a; 6 1 is the first component of position, 
and v = (v\,v 2 ) G M 2 contains the first two components of momentum. Hence 
dv = dv 2 dv\ and the v integrals are understood to be over R 2 . f a gives the 
number density in phase space of particles of mass m a and charge e a . Velocity 
is given by 



for a 



A/(m Q ) 2 + \v\ 2 ' 

where the speed of light has been normalized to one. The effects of collisions 
are neglected. 

The initial conditions 

f f a (0,x,v) = f£(x,v)>0 a = l,...,N 
E 2 (0,x) = E 20 (x) 



B(0,x) 



B n (x) 



are given where it is assumed throughout the paper that /q* G Cq(]R 3 ) is 
nonnegative and compactly supported and that E 2Q) B G Cq (R) are compactly 
supported. When the neutrality condition, 



JJ^fodvdx^O, 



holds, we will refer to this as the neutral case. A major goal of this paper is to 
compare the neutral case with the monocharge case, which may be obtained 
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from (11. ip by setting N = 1. In the monocharge case we will drop a and write, 
for example, / = f a = f 1 and take e a = e 1 = 1, m a = m 1 = 1. 

Choose Co such that f'Q,E 2 o,Bo vanish (for all a) if \x\ > Co. The letter 
C will denote a positive generic constant which may depend on the initial 
data (but not t, x, v) and may change from line to line, whereas a numbered 
constant (such as Co) has a fixed value. We also define the characteristics, 
(X*(s,t,x,v),V a (s,t,x,v)),of r by 



dX a 
ds 

dV? 
ds 

dV 2 a 
ds 

Theorem 1.1. In the neutral case there is a constant, C, such that 



Vf X a (t,t,x,v) = x 

e a (Ei(x, X a ) + V 2 a B(s, X a )^ V?(t, t, x, v) = v x 
e a (e 2 (s, X a ) - V?B(s, X a )) V 2 a {t, t, x, v) = v 2 . 



1.2) 



C > 



El + (E 2 -B) 2 + j Y,f a (V(™ a ) 2 + M 2 ~ v x ) dv 



dr 



(r,x-t+T) 



+ T E\ + (E 2 + B) 2 + f J2f° (VKF + H 2 + «i) dv 

(1.3) 

for aIH>fl,iel. In the monocharge case there is a constant, C, such that 



dr 



C(C + t-x)> 



(E 2 -Bf + f 



2 AV ^+W-vi) 2 

y/l + \v\ 2 



dv 



dr (1.4) 



{t,x— t+r) 



for x < C + t and 



C(C + t + x) > [ 
Jo 

for —C — t < x. 



(E 2 + B) 2 + f 





1> 


2 + '^l) 2 






2 



dv 



dr (1.5) 



(r,x+t-r) 



The proof of this theorem relies on conservation of energy and of momentum 
(in the monocharge case) and is contained in Section 2. 
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Theorem 1.2. In the neutral case there is a constant, C , such that 



\ V 2\ 



<C + Cy/t - \x\ + C 



on the support of f a for every a. In the monocharge case there is a positive 
constant, C , such that 



V 2 



<C + C^/(t + C ) 2 -x 2 



on the support of f. 

The proof of Theorem 1.2 is in Section 3. 

Theorem 1.3. There are solutions of the monocharge problem for which there 
exist x G R and C > such that 

oo 

p(t,x)dx>C (1.6) 

XQ+t 

for all t > 0. Furthermore, there exists C > such that 

||p(V)lk(K) > C 

for all t > and p G [1, oo] . 

The second assertion of Theorem 1.3 follows from (jl.6p by using Holder's 
inequality: 

rCo+t j 
C< I p(t,x)dx<\\p( y t,-)\\ LP{R) (Co-xo) 1 ~p. 

Jxo+t 

The proof of Theorem 1.3 is contained in Section 4. In [8] an analogous, but 
more detailed, result is obtained for the relativistic Vlasov Poisson system 
(which may be obtained from (11. ip by setting Ei — B — 0). 

Theorem 1.4. For the neutral problem there is a constant, C , such that 

M < C + Ct?(t- \x\ +2C )* (1.7) 
on the support of f a for every a. 

The proof is in Section 5. A similar, but different, estimate is obtained in [8] 
for the relativistic Vlasov Poisson system. Also, note that (11.71) rules out an 
estimate like (11.61) . If (jl.6p held, then there would be characteristics for which 
f a ^ and 

X a {t,0,x,v) > x + t (1.8) 
for all t > 0. Then by flU?} and (JHHD 
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V{*(t,0,x,v)\ <C + Ct* 



so 



l-V?{t,Q,x,v) 



1 + (V°) 2 



y/l+ \V a \ 2 (^/l + \V a \ 2 + V?) 



1 c 



> 



2(1 + \V a \ 2 ) ~ 1 +t 



and 



Cln(l + t) < 



I 




t — X a (t, 0, x, v ) + x < x — x 



for all t > 0. 

Finally Section 6 contains the proof of 

Theorem 1.5. In both the neutral and monocharge cases there are no non- 
trivial steady solutions with f a ,E2 and B compactly supported. 

The global existence in time of smooth solutions to ( 11. ip is shown in [9] 
when a neutralizing background density is included. Adaptation of the essen- 
tial estimate from [9] to the current situation is briefly discussed in Section 2. 
Global existence has been shown in two dimensions, [11] , and two and one-half 
dimensions, [10], but is open for large data in three dimensions. Some time 
decay is known for the classical Vlasov Poisson system in three dimensions 
([12], [H], [IS]). Additionally there are time decay results for the classical 
Vlasov Poisson system in one dimension (p], [2], [7], [H]). For decay results 
on the relativistic Vlasov Poisson system, see [7] and [15] . References [3J, [I], 
and [3] are also mentioned since they deal with time dependent rescalings and 
time decay for other kinetic equations. We also cite [0] and [TB] as general 
references on mathematical kinetic theory. 

A main point to this article is that the non-decay stated in Theorem 1.3 is 
in marked contrast to the decay found in [1] , [2] , and [TTJ . In [1] , [2] and [17] the 
problem studied is non-relativistic. Hence, there is no apriori upper bound on 
particle speed and this leads to dispersion. In this paper (and also [S]) particle 
speeds are bounded by the speed of light and this limits the dispersion. 

2 Conservation Laws 

Define 
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m 



I Y,f a V(™«) 2 + \v\ 2 dv + \\E\ 2 + 

J a 



and 



a 

A short computation reveals that 

dte + d x m = 



and 



d t m + dj = 0. 
Using ( 12. ip . the divergence theorem yields 

/■t rx+t—T 

= / / (<9 r e + c? y m) c?j/ dr 

JO Jx-t+T 



(e + m) 



dr + / (e — m) 

(t,x+*-t) Jo 



(t,x— t+r) 



x+t 



e(0,y)dy. 



x—t 



Note that 



e±m = J (y{m a ) 2 + \v\ 2 ± Ui) cfc + itf? 



(2.1) 



(2.2) 



rfr (2.3) 



and that 



+ -(£ 2 ±5) 2 >0 



A/(m Q ) 2 + |u| 



Ij 2 | < /£r 

J a 
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In the neutral case (12. 3p yields 

CX + t 



C > 



e(0,y)dy 



x—t 



+ / (e-m) 



[e + m 



dr. 



dr 



(r,x+t— t) 



(2.4) 



(t,x— t+r) 

In the monocharge case, since E\ is not compactly supported, (12.31) only yields 



Ct > / (e + m 



dr 



(T,x+t—r) 



+ / (e-m 



dr. 



[t,x— t+r) 



It follows that 



|E 2 | + |fi| < C + C \ j2 (r,x + t-r)\dT 

Jo 

+C [ \j 2 (r,x-t + r)\dr 
Jo 



(2.5) 



where p = in the neutral case and p = 1 in the monocharge case. Global 
existence of smooth solutions follows in both cases as in [9] . 

Consider the monocharge case now. Bounds independent of t may be 
obtained by also using (12.21) . For x < C the divergence theorem yields 



ft pCq+t 

= [d T (e-m) + d y (m-e)]dy dr 

JO Jxq+T 

ft fCo+t 

= / [e-2m + £] { ^ X0+T) dT + / ( 

Jo Jxo+t 



(e — m) 



dy 



(t,y) 





fCo 


[ [e-2m + £} 


(r,c +r)dr- / (e-m) 


Jo 


Jx 



dy. 



Note that 

e — 2m + 



(v/(m Q ) 2 + 


v\ 


2 _ 




^J(m a ) 2 


+ 


\v 


2 



(0,y) 



dv + {E 2 - Bf 
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is nonnegative and vanishes on y = Co + t (since E% canceled). Hence, 



Co 

C(C -x ) > I (e-m) 



dy 



(0,2/) 



(e — 2m + 



rCo+t 

dr + I (e — m) 

(t,x +t) Jxo+t 



dy. 



(t,y) 



Similarly 



e + 2m + 



A/(m Q ) 2 + \v\' 
is nonnegative and vanishes on y = —C — t and 



0=1 / [d T (e + m) + d y (m + £)] dy dr 

'0 J-Co-T 



leads to 



C(x + Co) > [ ° (e + 

J -C 



m 



dy 



(0,y) 



(e + 2m + 



/x -t 
(e + m) 
, , , -Co— t 



dy 



(t,y) 



for Xq > —Cq. Theorem 1.1 now follows from (12.41) . (12.61) . and (12. 7\i . 



3 Bounds on v<i Support 

Define 



and note that 



A{t,x) = I B(t,y)dy 

d t A + d x A = -(E 2 -B), 
d t A-d x A = -(E 2 + B), 



so 



A(t,x) = A(0,x-t)- / (E 2 -B) 



dr 



(T,x-t+r) 



(3.1) 



dr. 



= A(0,x + t) - j (E 2 + B) 

JO (r,x+t-r) 

For \x\ > C + t,\A(t,x)\ = \A(0,x-t)\ < C, so consider \x\ < C + 1. Then 
(13.11) becomes 



A(t,x) = A(0,x-t) 



max(0, - — x 2 C ° ) 



{E 2 - B) 



dr 



(t,x— t+r) 



A{0,x + t) - [ {E 2 + B) 

y max (o,f±t^o) 



dr. 



{r,x+t—r) 

In the neutral case, (11.31) and the Cauchy Schwartz inequality yield 



and 



Hence 



\A{t,x)\ < C+4/t-max(0,^=^)VG 



< C + Cy/t + x + C 



\A(t,x)\ < C + Jt-max(0,s^=^)y/C 



< C + Cy/t -x + C . 



\A(t, x)\ < C + Cy/t - \x\+C (3.2) 
follows. For the monocharge case, (ll.4p is used in place of (II. 3p to obtain 



A{t,x)\ < C+Jt- max(0, *=*=&.) ^C(C Q + 1 



x 



(3.3) 



< C + Cy/(t + C ) 2 -x 2 . 
From (ll.2p we have 

f a (s, X a (s, t, x, v), V a {s, t, x, v)) = f a (t, x, v) 



and 



V 2 a (s, t, x, v) + e a A(s, X a (s, t, x, v)) = v 2 + e a A(t, x) 
for all s,t,x,v. If f a (t,x,v) ^ then 

\v 2 + e a A{t,x)\ = \V 2 a {0,t,x,v) + e a A{0,X a {0,t,x,v))\ 
< C. 

In the neutral case, (13.21) yields 



\v 2 \ < C + C^t- \x\ + C . (3.4) 
In the monocharge case, (13.31) yields 

M < c + c^(t + c y -x 2 (3.5) 

on the support of f a . 

Theorem 1.2 follows from (13. 4p and (13. 5p but we make one further obser- 
vation. On the support of f a 

\v 2 + e a A(t,x)\ < C 

so v 2 e (— e a A(t,x) — C,—e a A(t,x) + C). Thus the v 2 support has bounded 
measure. 

4 Non-decay of p in the Monocharge Case 

In this section only the monocharge case is considered. Let 
and note that 

e x = -J pdy--J P d y=2 M ~J P dy - 

For some x G (— C , C ) define 

rCo+t 

fi(t) = / p(t,y)dy 

Jxo+t 



and 

pC +t 

dy. 



rCo+t 

£(t) = (e-m) 

J XQ+t 



(t,y) 
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Then 



H\t) = ji(t, x +t)- p(t, x + t)<0 
and by (O) and (J22& 



£'{t) 



C +t 



dy{m — £)dy + (e — m) 



XQ+t 



(t,C +t) 



(e — 2m + 



I (t,c +t) 



— (e — 2m 



I (t,x +t) 



Suppose that 



and 



-(e-2m + £)\ {ttXo+t) <0. 



-M > n(0) 



l -{C Q -x Q ){\Mf>8{0). 



Then for y > x + 1, 



E 1 (t,y)>E 1 (t,x +t) = -M-fi{t) 



> _ M -/i(0)>0 



so 



S(0) > S(t) > - / E\dy 

Z Jxo+t 



and hence 



and 



> \{C G -x»){\M-n{t)) 2 



2^(0) 1,, 

> -M - fi(t) 



C -x - 2 



rCo+t j 

/ pdy = v{t)>-M- 



25(0) 

Cq — Xq 



> 0. 
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Hence Theorem 1.3 follows from (14.11) and (14. 2p . 

To see that there are initial conditions for which (14. ip and (14.21) hold con- 
sider the following: Let f L Jo e Cq(R 3 ) be nonnegative and compactly sup- 
ported with 

f L (x,v) = if x>-l, 
f R (x,v) = if a: £(-1,0), 



and 



Let 



and 



f^dvdx > f R dvdx > 0. 



Cq = sup : v) 7^ for some v\ 



f(0, x, v) = / L (x, v) + f R {x - C , Vl - W, v 2 ) 
for W > 1. Taking io = -1 we have 

1 



M0)= // fo H dvdx<~M, 



which is (14.11) . Taking 



E 2 (0,y)=B(0,y)=0 
(and using x = —1) we have 
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S(0) 



J yj f(yfTTW-vi)dv + -E 2 1 



dy 



(0,2/) 



Co 



f?(y-C , Vl -W,v 2 )- 



l + vi 



1 + \v\ 2 + Vi 



-dv + -Ei 



dy 



C 1 

< h - 

~ W 2 



Co-l 



.Co 



-M — /i(0) + 



1 /" c ° 1 



C - 



-i 2 



M) 2 d?/ 



C Cq — I—Xq ( M 
W + 2~ 



( M 2 \ 1 

f — -MM0)+/i 2 (0)J + -M 2 



— M 2 



= ^+^v^ M2 -f /i(o)(M - /i(o)) - 

Now taking sufficiently large yields (14.21) completing the proof. 

5 Bounds on v\ Support in the Neutral Case 

In this section we consider only the neutral case. Define 

k = I J2f a V( ma ) 2 + \v\ 2 dv 

J a 

and 

a±= I J2f a (V(m a ) 2 + \v\ 2 ± ux) dv. 

Then (EE]) yields 

J kdx < J edx = J e(0,x)dx = C. 

Also (O) yields 

/ [er_ (t, x — t + t) + a + (r, x + t — t)] dr < C. 
Jo 

These bounds are used in the following: 
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Lemma 5.1. For allt > and x G 



and 



[ ^Fdv < C^ko~Z (5.1) 
j J2f adv ^ C V^- (5-2) 



Proof. We will show (15.11) . the proof of (15.21) is similar. For any R > 

Ck 



J J2f adv ^ j T,f a dv + 



\v\<R " 



For \v\ < R, 



n ^ r-TTT (m a ) 2 + Vo (m^ 2 

J(m a ) 2 + \v\ 2 -vi = , = > H— 



> 



^J(m a ) 2 + \v\ 2 + vi 2^(m a ) 2 + 
C 



v 



2 



so 



Jj2f adv ^ J ^f^VlTR 2 (V (™") 2 + M 2 " ^i) dv + 



Ck 



\v\<R " 

Ck 



< CVi + R 2 o- + 



If < cr < fc, taking 



/?= -1 



(7_ 



leads to (I57TD . 
If k < a_ then 

/ J2f° dv <Ck< C^ko 7 ! 

and if cr_ = then 

I J2f° dv = = o. 

In all cases ( 15. ip holds so the proof is complete. □ 
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Consider a characteristic 



(X(s),V(s)) = (X a (s,0,x,v),V a (s,0,x,v)) 

of f a (defined in along which f*(s, V(s)) ^ 0. The idea to the 

following estimate is that as long as V\ is large, the integration 



Vi.it) = V^t — A) + / e Q Ex + V^OOE 



t-A 



( S ,A-(a)) 



is nearly integration on a light cone and (11. 3j) can be used to obtain an improved 
estimate. 
Define 

Ci = sup jn : 3* G [0, 1], ieM,t) 2 GR with ^f a (t,x,v) ^ j 
and suppose that t > and 



Define 



Vi(t) > 2d 



A = sup <j t E (0, t] : 7i(s) > -V x (t) for all se[i-T,t] 



Note that 



so t — A > 1 and 



follows. Define 



V 1 (t-A)>-V 1 {t)>Ci 



Vl (t - A) = -V(t) 



X c (s) = X{t) + s-t. 



Using Theorem 1.2 we have 



(5.3) 



-(X c (s)-X(s)) 
as 



l-V(s) 



(m a ) 2 + V 2 (s) 



^{m a ) 2 +\V{s)\ 2 ( ^{m a ) 2 + \V{s)\ 2 + V x (t 



< 



C + C(s-\X(s)\ + C Q ) 
V 2 (s) 
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Since s — \X(s)\ is increasing, for t — A < s < t we have 



±(X c (s)-X(s)) 
as 



< 



C + C(t-\X(t)\+C ) 



and hence 



\X c (s) - X(s)\ < 



CA(t-\X(t)\+2C 



By (11.31) . the Cauchy Schwartz inequality, and (15 .ip we have 



£i(s,X(s))ds 



t-A 



E x (a,X c (s))da 



t-A 



+ 



t fX(s) 



< 



t-A JX c (s) 

ft fX{s) 

Cy/A+ / / C\fkoldxds. 

J t-A JX c (s) 



J ^^e a f a dv dx ds 



Now 



t r X(s) 



kdx ds < CA 



t-A JX c (s) 



and letting 



(E3D and ([12]) yield 



S(t) 



CA(t-\X(t)\+2C 



t rX(s) ft fX c (s)+S(t) 

/ G-dxds < / a_dxds 

t-A J X c (s) J t-A J X c (s) 



»t r-X(t)-t+S{t) 
't-A JX(t)-t 

-X(t)-t+S(t) nt 
>X(t)-t Jt-A 

< CS{t). 



<T-(s, y + s)dyds 
cr_(s, y + s)ds dy 
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Hence the Cauchy Schwartz inequality yields 

-t rX(s) 



ft rX{s) 

/ / C^Zdxds < Cy/AS(t) 
J t-A Jx n (s) 



and hence 



E 1 (s,X(8))d8 



t-A 



Next consider 



V 2 (s)B{s,X{s))ds. 



t-A 



Using Theorem 1.2 we have, for t — A < s < t 



< c ms)l < C + Cy^WW+Co 



< 



Vi(s) 

C^t-\X(t)\+2C 



Vi(s) 



Hence by (1231) 



t-A 



V 2 ( S )5(s,X(s)) 



CAy/t- |J^(t)| +2C 

Vx{t) 



Collecting (15. 5p and (15.61) yields 



Vi(t) = Vx(t-A)+ / e a [E 1 + V 2 (s)B 



t-A 



ds 



< A) + C V / A + C- 

and with (15.31) this becomes 



AJt-\X{t)\ + 2C 



Vi(t) 



Vi(t) < CVA + C 



A v /t-\X(t)\ + 2C 
Vi(t) 



Hence 



V?{t) - CVAV x {t) < CAy/t-\X{t)\+2Q 



o- 



Vi(t) 



< A(cy/t-\X(t)\+2C + ^) 
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and 



V^t) < ^ + ^ A (cy/t - \X(t)\ + 2C + ^- 

< Cy/A(l + (t-\X(t)\ + 2Co)*} 

< Ct*(t-\X(t)\+2C )*. 
Similar estimates may be derived if Vi(t) < — 2C 1 so 

|Vi(t)| <2C 1 + Ct 1 i(t-\X(t)\+2C ) 1 * 
in all cases. Theorem 1.4 follows. 



6 Nonexistence of Steady States 

Consider the monocharge case first. The dilation identity is 



Let 



d 
It 



fxv\dvdx+ I xE 2 Bdx 



f (viVi + x (Ei + v 2 B)) dv dx 
+ j x [(-8 X B - j 2 ) B + E 2 {-d x E 2 )\ dx 

= J J fv\V\dvdx + J x(pEi+j 2 B)dx 

B 2 + El\ 1 
- ' ' J2B 



— / x 



= J J fviVidv dx + J xpE x dx +7^f (B 2 + E 2 ) dx. 



M 



-IS 



fdv dx 



then for R > C + t we have 
—M 



M 



E 1 (t,-R)<E 1 (t,x)<E 1 (t,R) o 
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for all x. Hence 



J xpEidx = —J xd x E\dx 



1 f R (M\ 2 2 , 



R 



Hence, for / not identically zero, 

1(//m- + H^//m->» 

and / cannot be a steady solution. 

Next consider a steady solution in the neutral case. Note that from (11.11) 
we have d x E 2 = so E 2 = for all x follows. Next note that 



d 

dx 



I Y,rvi*?dv - \e\ + \bA 

a / 

= / v^idj a dv - P E X - j 2 B 

J a 
-pEi - j 2 B 

= I $>«r ^ + ** B ) dv - p Ei - ^ B = ' 

J a 

and hence 

2 / ^2f a Vl v?dv = E\ - B 2 (6.1) 

J a 

for all x. If E\(x) = for some x then, since f a > 0, 

J J2f* v iv?dv = (6.2) 
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follows and then B(x) = and f a (x,v) = for all v. Suppose E\{xq) ^ 
for some Xq. A contradiction will be derived from this and the proof will be 
complete. 

Choose a < Xq and b > x$ such that 

Ei(x) 7^ on (a, b) 

and 

Etia) = E x {b) = 0. 
Consider E\(x) > on (a,b). Choose d G (a, b) with 

0<E[(d)= ! ^2e a f a {d,v)dv. 

J a 

Choose a G {1, . . . , N} and w6l 2 such that 

r(d, W )>o 

and e a > 0. By continuity we may take Wi ^ 0. Let (X(s), V(s)) = (X a (s, 0, d, w), V a (s, 0, d, w)). 
If w\ > define 

T = sup {t > : V^s) > and X(s) < b for all s G [0, £]} . 
On [0,T),X(s) G [a, 6] so E 1 {X{s)) > 0. From (JSHJ) it follows that 

\B(X(s))\<E 1 (X(s)) 

and hence that 

Vtis) = e a (E 1 (X(s)) + V 2 (s)B(X(s))) > 

and 

Vi(s) > wi > 0. 
It follows that T is finite and that 

X(T) = b. 

Hence 

f a (b,V(T)) = r(d,w)>0 
which contradicts ( 16. 2ft . If wi < define 

T = inf {t < : ^(s) < and X(s) < b for all s G [t, 0]} . 
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It may be shown that T is finite and that X(T) = b, which again contradicts 

A contradiction may be reached in a similar manner if E\ < on (a, b) so 
the proof is complete. 

References 

[1] J. Batt, M. Kunze, and G. Rein, On the asymptotic behavior of a one- 
dimensional, monocharged plasma and a rescaling method, Advances in 
Differential Equations, 3 (1998), 271-292. 

[2] J.R. Burgan, M.R. Feix, E. Fijalkow, and A. Munier, Self-Similar and 
asymptotic solutions for a one- dimensional Vlasov beam, J. Plasma 
Physics, 29 (1983), 139-142. 

[3] L. Desvillettes and J. Dolbeault, On long time asymptotics of the Vlasov- 
Poisson-Boltzmann equation, Comm. Partial Differential Equations, 16(2- 
3) (1991), 451-489. 

[4] J. Dolbeault, Time- dependent rescalings and Lyapunov functionals for 
some kinetic and fluid models, Proceedings of the Fifth International 
Workshop on Mathematical Aspects of Fluid and Plasma Dynamics 
(Mam, HI, 1998), Transport Theory Statist. Phys., 29 (2000), 537-549. 

[5] J. Dolbeault and G. Rein, Time- dependent rescalings and Lyapunov func- 
tionals for the Vlasov-Poisson and Euler-Poisson systems, and for related 
models of kinetic equations, fluid dynamics and quantum physics, Math. 
Meth. Appl. Sci., 11 (2001), 407-432. 

[6] R. Glassey, " The Cauchy Problem in Kinetic Theory," SIAM, 1996. 

[7] R. Glassey, S. Pankavich, and J. Schaeffer, Decay in Time for a One- 
Dimensional, Two Component Plasma, Math. Meth. Appl. Sci., 31 (2008), 
2115-2132. 

[8] R. Glassey, S. Pankavich, and J. Schaeffer, On long-time behavior of 
monocharged and neutral plasma in one and one-half dimensions, Kinetic 
and Related Models, submitted. 

[9] R. Glassey and J. Schaeffer, On the "One and one-half dimensional" rel- 
ativistic Vlasov-Maxwell system, Math. Meth. Appl. Sci., 13 (1990), 169- 
179. 

[10] R. Glassey and J. Schaeffer, The "Two and One-Half Dimensional" Rela- 
tivistic Vlasov-Maxwell System, Comm. in Math. Phys., 185 (1997), 257- 
284. 



21 



[11] R. Glassey and J. Schaeffer, The Relativistic Vlasov-Maxwell System in 
Two Space Dimensions: Parts I and II, Arch. Rat. Mech. Anal., 141 
(1998), 331-354. 

[12] R. Glassey and W. Strauss, Remarks on collisionless plasmas, Contem- 
porary Mathematics, 28 (1984), 269-279. 

[13] E. Horst, Symmetric plasmas and their decay, Comm. Math. Phys., 126 
(1990), 613-633. 

[14] R. Diner and G. Rein, Time decay of the solutions of the Vlasov-Poisson 
system in the plasma physical case, Math. Meth. Appl. Sci., 19 (1996), 
1409-1413. 

[15] B. Perthame, Time decay, propagation of low moments and dispersive 
effects for kinetic equations, Comm. Partial Differential Equations, 21 
(1996), 659-686. 

[16] G. Rein, Collisionless kinetic equations from astrophysics - the Vlasov- 
Poisson System, Handbook of Differential Equations, 3 (2007), Elsevier. 

[17] J. Schaeffer, Large-time behavior of a one-dimensional monocharged 
plasma, Diff. and Int. Equations, 20(3) (2007), 277-292. 



22 



